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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide an organic EL element 
having high luminous characteristics, good durability and excellent in 
actual usage. 

SOLUTION: In an organic EL element having an anode 30, a cathode 
22 and an organic layers 24 comprising one or plural layers 
sandwiched between them, a transparent electrode or a metal 
electrode with large work function such as ITO and Au, for example, 
is used for the anode 30, and an (n) type semiconductor material 
which has a large gap, is transparent in a visible light region and has 
a small work function is used for the cathode 22. In the band gap of 
the semiconductor material used for the cathode 22 is not less than 
3.0 eV, it is transparent in the visible light region and can be used 
for the transparent electrode. In addition, if the semiconductor 
material has almost the same level of electron affinity as electron 
affinity of the adjacent organic layer 24, an energy spike of the 
cathode 22 on the boundary surface between the cathode and the 
organic layer 24 can be made small. If the work function of the 
semiconductor material is smaller than the work function of the 
adjacent organic layer 24, an energy barrier is prevented from being 
formed between the organic layer 24 and the cathode 22. 
Semiconductor or GaN compound is suitable for the (n) type 
semiconductor material. 
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fcflliBtaoTtJO. *r«<t^«lJBtUTtt2)B«ja» 

[0 0 0 4] 2H«ifieD«tbTtt. MS&I&B&OII1I 
lCjE?L«ljai)H't563tRiA«»ritSnfc«Jft (#BfJBS 5 9 - 

I 9 4 3 9 3#&®. Appl.Phys. Lett. 51, 913(1987)) 

x km t mm t © m ks&km t «^ t jwmk $ 

ft&fltit (USP No. 5, 085947, &m¥-2 - 2 5 0 9 5 2 
^gtffi. Appl.Phys. Lett. 55. P1489 (1 989)) £ 

mmt&ytmtmTtiimmt&i&mztLftmm ca pp i.p 

hys. Lett. 57, 531 (1990)) tfi$>Z>. i£— HtC^T 

©tS:giJ^J$yc-a-fe*««ig (Nature, 347, 539 (1990), Ap 
pi . Phys. Let t. 61, 761 (1992)) <bjK£HF*fid**tfR& 

[0 0 0 5] B8tt. — J&Mtca^nfcW&ELig?-© 

x^if©^a«,i o±i:»ft5nfciiBgi 2 tmmi 
8t©raic, ttiMt'&ftiTSs^ii 6tiEaiSiS 

I I 4 2 liiSlxT^S. £©«£• 
©%3t®16«, tfiiI©«^feSLTU5. 

[0006] cne-^&ELs^icfcttsfBt^^x* 

Att. ill 2 75>e,aA£n/iIE7l£:|SiSl 8*^SA 

^LT%?t)ii 6{csuab. -td-cstt^-rsnticfc 

©3bt £ C)Kfi©?t*^:tti-r-& £ H -5 *>©Tifc 3. 

[0 0 0 7] «3tlIffl#»tUTfflV»6n«W«ft:^« 
tt9ft«r»«3ttt*jRT*r»T*a. JtiaiE?L«aj^B 1 4 . 
ifE)tI16. «T$aiilBtCffiffl Pltg^^t Ltd C 

[00083 tztz-tf. iE7immmz>ttmhVT\z. » 

#^3$*7S>#S8^£nT^&. 6 ©*m£ 

1TB, ^T©<t^T-«$n^7Jl/= -OA MJXt 
(tirHRB5 9 - 1 9 4 3 9 3^ii?g. 4$HIH8 6 3 
-2 9 5 6 9 5%^) ^, X^U;W75>^#(*:, X 
^U;U^>-tf>^##: («p» s F2 - 2 0 9 9 8 8%^ 

tt, *^-9-S?T'/— JUSIS^ (Appl.Phys. Lett. 63, 20 

32(1993)) *<assnxi»4. 

[0 0 0 9] ]gt~. ^n5ft»Tt©fc^K*^Ttt 
iSS^a©{t^T-t>#<©^^j75^0. 4*K 
(P-7iri/>fru» (Nature,34 
7, 539(1990)) tt. ¥e«jg©^Tt)m0^#tt*^# 

[ooio] — ^. cne.w^ic^a<«^. ietl 

SffAtSfcfeWtliLtlt ill 8tCtttt«fHSc 
O/hSWilg, Ca§(Z)^l, fe-5titt^-tl^Sr±fiX?> 
fT^^^fflV^n. ^®l 2lCtt^«S<i:bT— 



( 3 ) 

3 

(SW&ITO (Indium Tin Oxide) ^fflUbtTO^. 
[0011] fLT, £nS©*m«:tejBLfcW«EL 
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[0 0 12] 

e l mTte&tzmm ics^ x n & v». t<om±<Dmm « 

WAte#2. U t tc & s . 

[0 0 13] cnSt. ft 5^$ig£ 
^^Sffl-r-S^ilCtO. ^MJCttScl o o 0 c d/ 10 

m' (Di&wmfimmni£ i o vmrnx-mfUL^nx^^ 

l sit oiffl {t € m vf x u z> „ 
[0014] ^«##£#t5rr<5«gftgH©— -3 

^ft^^i^er. a^ic. st>, ma 

[0015] B9fc#«EL*^£»j£r*ft£!Wfc«- 

«#A1 q> ) W^lc*rf£x*;i^-w|$ 
[0 016] hrwc. DE®lritmi:««A<i 30 

[0 0 17] r CT, Wt&ELm^T-te. Hi®. |5§a© 
*«, tE*ffl«r»6*iTU>*aw*« I TO©tfc*H*M::*: 

S^II:IJL i, Na, Mg, Ca^OTMU^ 40 

HSfc#rbt>+#/hS^£ttV»*.fcV». — B&a*t 
fUcfflUS I TOOflrtWRfc. IE7L*ftj£*m£©ff® 

[0018] RMStm ttXIH) iUT. y-f 7^ 
>K£ffllfi-ac:£>WJSP N0.5349209IC^anT^*. 50 
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b*»u r^y \ t \t&ttf-zznM*mmz-rz>z.£tf 

[0 0 19] St. ftm¥-l - 3 1 2 8 7 4^ffi. ft 
HB¥2 - 1 9 6 4 7 5#£$BIC. ifc— 
«H.-X«a3ttt©«S)ilBIlC. ^tgH^ttJl©*^ 'J7 

[0 0 2 0] Sfc. cn5*«ELS|H t €fflV»&lii«0 
^ (TFT) fcffl^ifcllgBW&Bftftt^fMfcjM&SlT 

[0 0 2 1] #5£BJ§te. Cne»CD*t8lEL^{C*5^€) 
[0 0 2 2] 

[«Ui*»ftt4fc»CD?e] ±KBW£]iJ*r*fc» 
[0 0 2 3] ;r©f£BJ!te. Blfiitfltti. C 

nsKj*stifciJi*fctt*»ji©*r«ft:^fU!jjBJ:oflt 
^^atr-s. 

[0024] B]&ytm&.-?mwtznM*mm** &wn 

[0 0 2 5] Sit. IMifc±eoJ:5**»»*«t»fc 

fflifTisfficffl^enTi^ i tojco fett*HScw 

X^^t^Stt. ^JA«Ni, Pd, I r. Pt. Au§ 
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L^bx, mm\z7)vti>)±m^m. mm\z i 

[0 0 2 6] SIC. *KH®*HMtJMB&R?fC«V> 

/h<£<. BM*Dtt»HS&*#<-C#. tffittiio 10 
£#T#. *F£iEH*#ttK*a*«fc<W«JBfcffiA-r 

[0 0 2 7] *%9JC0ttQtiM»tt. -Lf2¥##tt 

a* > r v ytfi 3 . 0 e v ^_kT. m^fflto -h 

[0 0 2 8] |«tlTffl^6nS*i» 20 

»ta.x*;i'^r©x/w^*/hS<TSa. sic, PITT 

m \z Gmm ica a mure & a fc »ffi«ffiTi6it»aw?as 30 
<. sxtttfjfiK. ^ffltticffinfcm^-^W^c: 

[0 0 2 9] :o«aft(BffliUTlt. «7ttf, G 
aN^, A l NrS. ZnOl, Z n S ^(Dit^^m 

«> w«i e l co bs t l t» m t * * . 
[0030] *%Bjcote©#es«. ±a©wa*SMfi3t 40 

[0031] mmmizmtx&t!m.m&z\<Dmmh7>i; 

X*iZJ:iT%iWT'2 Z>fz#>. »«-hlC«^CCOWtS«l% 
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tt>. &m^zmmh?>i;z.'5>&ftr)&tsz\t\z£2>m. 

[0 0 3 2] *%^CDHICgiJ©!l$m«. ±i£C9W&«^ 
d£T&£. 

[0033] ft3fe©«k5Kfesg»H£LT. myt&m& 

*tGaN^#S#TS-5«-&IC. fitJftltUT, «A 
«I nGaN*¥flMttf*HTOET»«. C<OJ:5«t» 

£tz®.f$.&mW-rz> Z. <iT?«* 

^cof^sa^Brflgi^-stifcic jg&itmT»*fcft 

[0 0 3 4] 

[0035] [mmrnrn 11 mat, *$zmmm 1 c« 

J4. Ife« 2 2 tl^ffi 3 0 oniC«E»tlTV»«WtM 2 4 

»O/hS0»|»«2 2 ttt*HS!O*S4BWi3 0 6ffiH 
«£4S«tft«. fie*li. ±j2Eoo«t^lc^ffil±^p. mm 
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[0 0 3 6] **afi»ffilOJ:-5«Cl*a2 2»CttfflT# 
•5^S#:i:LTtt. GaN^i*t#, A 1 N&{t 

ens H^-V 

*. $etc/t>h*4 £ ^>>^3 e vet±T*n«; ssm. 10 

[0 0 3 7] uCT. Ht22 (CP&TSWtlSJI 2 4 

temmmm 1 -ctt#««3fc» 2 e > <h©?wc*5tt5 

X*JMr— X/W *&/J>S<-rsfcd&ICHu i!2 2T* 

£#S*bH. ilO«ft:*tt*#tt5t. |g2 2t 20 
LT^WJ^A (GaN) &fl:&4fe¥*tt ( I n. G 
a, A 1 , N : O^x^ 1 . 0£y£l. O^x + y 
£1) COGaN^if#»i, it 

COjft*>6t). t«EL^CDll2 2tbt 
[0 0 3 8] »«2 2fc±HE©«fc3fc¥##£fflV»fc« 30 

'<£m<Dm=?-X:MM\Z.m^*>nT^Z> I TO<fc0 
t>tt*Mfc0**:*V>&Mf*. Ni, Pd, Ir, Pt, 

*0»?Kjt~<. *^mmm 1 -cas-rama. r«. m 

lot>f now t>ft*Wi:StTft 0 . W4vH=*#* 
JlS < "T 3 £ <h *<nJ^T- * . fib, SS3 0iLTI 
TOftfflv»Tt>A<. c©«£Ktt. ^i:a«fet» 

[0039] *mm&\ t^s^rttiELjd^ 

Au. %5t»2 6il/T7JR*yjy-;Pi#A 1 q 
, . jEdFU&iHH 2 8 t LT h 'J 7iZ^7S >B9ik'f£T 
PTES:! t»fc«^l=*l»T. 0 2 LTU 

3 IC^f. 50 
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[0 0 4 0] *-TH2IC*-rJ:'5li. GaNO^^ftft 
^3«2. 7eVW0, nSfcbfc*^. tt*MSScttd 
OtttS«RSflE*T/hS<a:'&. — *. R§S3 0©A 
u ©tfcVHgcte 5 . leVTSS. '«©$?t:ffl^b 

nzmuKit^Tmrn 2 2 ©ft*H**«/h* < . »« 3 
jt-rsx^^-BiattSFftbfeti. z.<nrz#>. tft 

IE?L*##tcSa*±<#«IBK:ffiX"r*i:4:*fC*-B. 
bfc*«oT, R§®3 0 iRI®2 2ffl(C{g«ff*TOp-r-5 

[0 0 4 1] 

[kbkm 1 ] dm. m 1 \z^-t*mmmt& 1 ic^*>*r 

[0 0 4 2] (1) GaNfiKfil 
GaNIi mm&mi*mtfL&& OWr rMOVPE :Me 
tal Organic Vapor Phase Epitaxyj <hl2"f~) 

J: D«ifibjfc. JKri&ttfctfXtl. 7>^7 

(NHj ) . ^t'J7^X (H,) . h'J^fM'J'JA 

(Ga (CH.) ,) (SKT TTMGj tfit) . h U J* 
3\)U7;i<SX^A (A 1 (CH,) ,) (£(T TTMAJ 
tET) . HJ^JM' (In (CH,) ,) 

(ttT TTMIj tCf) . ->^> (SiH.) . ->*X 
(Zn (C,H, ) ,) (HT. TDEZj tfi 
-f) . y^D'O^y-I-J^^y^A (Mg (C s 

H.) ») (ttT rcP2Mgj tiET) . t;u->> (A 

sH,) WJ*J-)V?m l&TF TDMZj tEt) T- 

[0 0 4 3] *r. W&ft#Rtf®i&3tCcfcDS1£2 0 
T'fe«>¥i^^-9-7y-f 7S«©a®^gfertL. COal 
S±ItLTU-7 7'f7ifi2 O&MOVPEgM 
J6£K*«S*lfclM::/*K£*bfc. ^JETH 
, £»tiS2 'J y hJl-/^T-i^3 0^mRJcSJC«Ebft:*« 
<=>i&&l 1 0 OTCTtf-^yf 7S«2 0£^-*>^L 
fc. SfefC, iaSS: 115 0'Ctr^Jtb. H, £2 0 'J y 
NH, Sl0'J7h*/». TMGS1. 7 
xlO-'tJ^, H, ^7.(C<J;0 0. 8 6ppml;^ 
JRSnfc->5>*2 0 X 1 0" 'tV^fiAL. JR 
m$j2. O/xm. ->>J3> (Si) H-yOnSGaN 
*6*«t»EL«Ol!«l2 2^«Lfc. 

[0 0 4 4] (2) *tSELH. «®H©fi)tm 
±fE©^ftT-f£SSLfcEiffi (GaN) 2 2 CD±fc, WfiS 
%^B2 6^^BJcbAco A^WtCtt. K^^#^(Ccfc0 
X^SiS^ 2X10"' Tor r. Sl#fflgi^ 3 0 A/»© 
*frT7JU5*/«J/—JHIM* (A 1 q, ) £(f)6 0 0 
AJKB£L.. cn^tS%)tI2 6 t Lfc» *<0±JC. % 
3fcJB2 6 tra^#Th'J7xX;U75>Bgft#: (TPT 
E) «<)6 0 0AML, cn^#6SlE7L^j*«2 8 t 
bfc= 
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[0 0 4 5] mm 3 0 tt. lXlO-Torr, 

mm&s.m i 5 o a/#t-a u^biooo A/sair* 

Ztiz^OMfcLtz. 

[0 0 4 6] ^±<DJ:5ICl.T»S»n-5^rt&EL3t^© 
.li3fc0O^Stt3mmx3mmTS0, 2 5mm 
x 3 5mm01i2 0±tC6fflf^©Ufc. 

[0 0 4 7] JtKM 1 ilT. ^7T.SS±ICii5Jlg[x' 
nhD>7/t.^ST I TO* 1 5 0 0 AfiftBILT|t§ 

I30tt, *<d±.\z. ±mtmm<D^m-c. jEnmm 

[0 0 4 8] JttfctfiJ 2 <fc UT. ^7XS«±iCii5^i^-7 
^HD>X/Vy^i4TI TO£l 5 0 0 AfiJiil/TIi 
!30tL, ^©±K, ±IBira«©^i*T, IE?t«ii2l 
If. f£3tJf£. 6 0 0 A^i&SFLfcgL L i F 5 A 

as»u ^©±ica i 1500 kn&mm\s. it 

[0 0 4 9] ( 3 ) fr&fffli 

1. Jt&flJ 2 ) 0#»ffi«KiE. ISSffilfC&OitttlMiE 20 

tjeTfe^., OS 0 . 1 Ttt3feJB«S*<^ffi 3 0 

U Jtte0t.il, 2©WfcELijl : fT'«&JS«©jW£ffi2 

[0 0 5 0] 1411 USS^JllC^^^mELm^t. 
VcXtm 1 ll^20W«ELi^O%3t#tt^l,T^ 

iftttfT»j£Lfc«ft3iure*S. ttKMlCMgAg 30 
- I TO^fflffTIt «3tH*6«ffi*»*5) 2 '. OV, Jt 
i F/A 1 - I TO^©^T*fi. fSftBSte 
VEEAtftl. ZlftStCttU 
HJg^JlC0GaN-Au^wmffiS:ffl^fcmTT-«. 5! 
3fcM*&«EEtfttt 1 • 2 VST^*Stc{£TL. 

[0051] mmmm 2 ] *mm&n 2 t:«*w«E 
mTT-tDftytzmffl-rz^ y^>ifm^-t\,x»mY- 40 

5>y^^ (TFT) £|*3j&UT^-5. 
[0 0 5 2] 0514. d(D«k-5^*HJg®ffi2{C«SW 

[0 0 5 3] W&ELS^CD^183 2 £ LTfflU4nS 
#3MMsm. «AtfGaN*a|M*#*mtt, i£JfbW 

TTFTSMnu^ft. CCi&TFTtftl 

[0054] ^mmmm2izio^r. ^5x^77^ 50 
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©HM^ltra«IC. »g3 2tLTGaN^®M 

»&3 0 top^c^jntjt (^HT'fc^i) o>mmm2 a 

[0 0 5 5] ^©TFTg|5«. ffgftjf (TFTtgWiH 
*fflH8s:###Jl) Z\Oitmm (IS«3 2) ±IC 
m$nfc-7-*-h«S3 6, RtfUgSiJI (HS3 2) t 
SM»«2 0 <h»ratc^$nfeSEiglH 3 4 

:it> e^«3 4\zm^*>ti2>&mttmit. Aim. 

IgliTMniGaN (HI3 2) <h©^--5^^tt 
©J:^*J*W»#3tH^. BEiKJft 3 4— gflfi&5«fc?ic 
pJttUcGaNI (iS3 2) ©±(Cf4, £t*M&<D*: 
fftAu, N i «©*j«*»»j«an. cn^TFTSCO 

->3^ K*-y-h«8i3 6£&T. 2 4 (CSittX 

atrtt8s»4. cicd->3 y h^— y- hm.m 3 6 (cepjo^ 
nsWEickoTiwwan*. ^fcjs^^ne^S3 sic 

m®m2 4^fi£$m:*50. f©i«i3o« 

[0 0 5 6] W&ELSft^lCiiUT. cn^XlCfe. T 
FTtCi^T^^-i-^V h'J ^^X^id^fT-^^^X^ 
l"rtfttX3ttTV»« (KS¥1 0- 1 8 9 2 5 2^ 
IS. #IS¥ 1 0- 1 6 1 5 6 3^f£^g) . cn^CDftW 
«^SE^ftlCtt'<TS5««ffl^'f X7 P K AinJtgtfcC 0 . 

[0 0 5 7] BP^, Cine>©^5t5ftffilCt3ViT«> TF 
TWtgKStLT, T^;U7rX^S^Vif4^.iiaffi^© 

•rs^r- hsc^i4y- hft^-y- h»ftBt-^u ^ > 

»3IHtigcC>^fc>l$>-3MOS (Metal-Oxide-Semiconduc 

tor) mm&t-DT^&o (oz-cD^ot^mmmx-itm 

fete. y-h»flJK©JS^KJ:g4$tt#**<£fc*tt 

IB*i^— lC«ffll-r*Ct««»b^. (ii)^fe#«IEL* 
^ *«fc 0 < %^$-a--5fei*ICJ4 J: 0 CD«SitS:SS 
-ri&g#&-5#. 7t^77XS5Wi^->'Ja> 
roVf^Kite-e-^-if I^^SC 10cm' /V / s gK<h/jN£ 

ir>. z\<Dtztt>mn.&.m&±%<. *fcWtSELH©^s 
•sciicto. nmttniLTFT<Dmmmz&vzmm 

mitftiQt>-oT, #«EL^Jcat-T«8itM*S5<T# 
ttfritc. ( i i i ) ^ <=> (C -> 'J a > (4/N* > K^-v 5/ Zfffi 
1. 2 e Vt/h$Vifea6, ia«JC<t^TFT©#tt^b 

^ I i i: 1/ ^ ^ a o fz . 
[0 0 5 8] cniC^fL. *^S6^ffi2K»,J:-5tcWtSE 

Lm=?e>mm (caw zTFTv&mmizmmistzT 
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— hfltfig- G a N@(7) 2 MO&frZ ti&^t)® -5ME S 
(MEtal-Semiconductor) mmX'&O. fiBSfctSityn 
-trXTf£§ST#3„ ^-^^JgfiK*<nJ|gT, 5 s 

JfcGaN®tf«H *^T'8 0 0 cm ! /V 

0 0 cm 1 /V/sJW±i:^S©->'Jn>J;0 ; fc^:# 
<. £fc|SiS3 2 TFTCDtg»)(lt^|^i;GaN€r 

Wt»EL^©ii5WS{t^0en^„ GaN 

[0 0 5 9] :©§&GaN-TFT$ffll/>fef 

^ICjtlStbT, «ft#2 0%gS|6]_hU Sfe^iS^ro 
»*«©tf 6-3* fcfit*© 3 968*3^6 1 %&.mzfcWL 

[0 0 6 0] 20 
[&ttiM2] «TtC 0 5lC*-T*5|]!)g^ffi2IC«^T 

FTrtuswtsiEL n-mmm ^ 

-r. 

[0061] ^f^xs«2 o ±.\z%-&mmm\z&-z>T A 

[0 0 6 2] S»S5 5 0 0tC«|$L. H, 

$2 0'J7 NH) £ 1 0 U y TM 

7 XI O-'^JV/ft. H, ^CiOO. 8 6 30 
p pm(:fS5Snfc'>7>i2 0 X 1 0 ,; t;i//^Tr^ 
AU M/P^2. Omiti. ->'jn> (S i) Y-rfcng, 
^InlGaN«L, CtlfCj; OfiE Lg&tf>IS® 
3 2^iLt. -C0^®3 2$'JT^^^^-f 3f>X 

XAW^U^iCfcoT. Au/Ni©rii 

«ffi3 6 £f£3BL.;t. 
[0 0 6 3] HtC, Ctl>bmmm3 4. j&S (GaN) 
3 2a»7*-h«l3 6^®0«fc-5(r. 7*ny9V>9 40 
ICctoTJ^J? 1 (imfflS i O, #><E>&£/|&g:lf 3 8£Jg 

[0 0 6 4] mz. n&mmmz£.K)mmmmm3 0 a 

Alq, £*<J 6 0 0 AMWLVZ\tl\Z£ 0 

&m¥£ytmzmtzo z\<Dmmt%mv>±.\z\$. m^tmt 

|H|«:ftTTPTE£ift6 0 0 AJE2f£U W&IE?L$65iiJI 

*»3t. ^i3otLi, mmm&toi soa 

/^T"A u €r*<) 1 0 0 0 AMf&Ltz. 
[0 0 6 5] W±W^^lCLT»6nfc*tiEL^© 50 
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$e,ICTFT©y- h®8S3 6 !Cft©^Jffllffl«JE€rEPiP 
bfctd^. ^&ELfflST'©%7t&a£ftJtaPT'i*£C<i: 

[0 0 6 6] [££g»IB3] *£ffiJgflg3(Cffi«*«KE 

mft^miz vtzti : y-7 : ^7,^u^tiii\zm^^tz 

2 tCfe^T#tSEL^cr)|^S<i:LTffl^Tl^G aN 

[0 0 6 7] GaNtt§Wifttt, rt>F*ty^ 
#<3. 4eV60> hJR^7t>7>^t 
Sri*. dCD&gft, GaNJC I nSr^JO-r-SC 

fcf. I n,. (1 Ga,.„Nl;^Mt<!:LTZ n, S i £ K 

fc, In ( . n Ga,.,,Nl;TM^<!:bTZn, S i £ H 

[0 0 6 8] **^^3{C#^#tSEL^ 
#J£^kLT^-5. ft*5. i6Ct«EL 
S^tt. fe*»)B*l»»ttf, 15l:itTFTrti[it 

z> *> v> \z z ft l Ttftsj ft . 

[0 0 6 9] «7XSfi2 0±iCte. 4 0 .h b 

T. 3 0©ffifiRCDS^-5 1 nGaNI«$nti3 

0. tn^nm. m. m&o&m&m uob. 40 

G. 4 OR) tbTfflW. ±tfi<£>J;3{CG aNf#^ 

TInGaNSiffiU fffi®MJfti4 0 BtLT. 
fjijxti. I n... t Ga..,,N©iaj««!:lxfc*#£«K:Bl 
WT^. *feOfe«»li4 0G»4. fJiJAtt'I n..,,Ga 
i..tN©«UJcT*0. Sfc^feOfeS^B4 0 R«. #J 
I n..,,Ga,.,,NcomfiXft*-r-5. fc*S. #fHfig 
ft^tt&^T. GaNMyinGaNIl ^l&tCte 
Tin, Ga, Al,.,., Nj (O^x^l. 0^y^ 

1, O^x + y^l) TIb3Wt)OTfe5. 

[0 0 7 0] cn^©MM4 OODJitCte, TFT© 
fg»)SS.r/Wt5EL<75|^eift*ffl-r-5nSGaNB3 2 
7^j££nT*59. ^-©JilCte, ^TtSSIf 2 4tWE2j££*1 
T^*. *^Jg^ffi3 0«t3lC-fe^ftff ?«£r. WfiS 

u^^ffi 3 OT^BSsnr^-s. g]6Tftt, ^&ia 

?S«l;:Ri8t£nfc|5§ffi3 0 ft^Lrcf5iJft*LT^-5 
TFTftfflt/iT^&WSIEL^ft^a-r^^lC 
tt. WtSEL^^COaA^gilfiTFTCDy-hWJE-e^J 
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fflZtiZfztb. »«3 Ott&rbfc#lliSft-Ci^*#B 

[0071] KUKDjz5temmz&\,*T. mmELm? 

0 (4 OB. 40G, 4 OR) TrWfe, Itfe, 

tCJ6UTgft-f-5TFT£SiJffl-r*-l#, 
%7tLHlfaw-1'^-> f *^^Brtg75:>';L'*5-(7)7 ? ^X 10 

[0 0 7 2] 0 6R^JW±Oatt^Ttt, ^feCTi: 

fcfe£»IB4 0£®/£b/t&. -^©±t::|t;ffi3 2 £)E2i£ 
bT^-5/^, #£,£16114 0 tmU3 2 i£— #{tbfc 

llnitL. iJtg&f -^felCJ&DT I nGaNCD 
fiJ«*l>aELT«BtUTfe«*JB*ffl©HPB*»J5!ET 

[0 0 7 3] #«EL*^JC4iV»T5fi3tJi*»6©3tO— 20 

0- 1 7 7 8 9 5*f£3g. 4$H¥9 - 2 0 8 9 4 4^ 

3fc©«fc-5fclS!H#*-3jfc. <i)f£3fea*-ettfi£ 

fiTU^£6t)f*5^TLi5. (ii)S#tt£^&lf £ 30 
ffiELT, I TOKtt»ELiS»)Sn 

[0 0 7 4] b^b. #ffeW^I§3CDW&EL3fi^T 
tt, 0 6©J;5&#fc£EL3i^©e!,gglll<hbT, MX. 

h (led) <Dm?tmiiVT$>m\,*t>nT^z>¥m& 
(itojjm) -ie?l$Sjii^-I6^« tm 
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*$£MBB3X^ W±C0i^lC I n G a Nfi^J&JI£- 
fflUTfeO. t£*£JtttLT€Me»aMS#2 0%[Sl± 

[0 0 7 5] 

[§HJ5S0»J3] fiTFfc, g!6(C^-rj;^7i*||J5g^3(C 

[0 0 7 6] Sf, ^f5XSS2 Oi&Q.b^BICX/'W 
^ft<C«fcOMlPl /xmCD^{tv-Uzi> (S i O, ) *^ 
fc-5*£&!15 0. JgUSO. lymC0^^> (Ti) ^6 
fj:-5^l1itt«5 2$:«S^figbfc„ -iE-CO^. en?,® 
±(C7* fiSfCMtfbT. 7*MJ7^7 

Rfc*b£: (0 7 (a) #flg) . 
[0 0 7 7] ^K, 07 (b) COct^lC. h- 
h 5 f i: LTTi©^ 1 «ttl 5 2 . f&ftIB 

[0 0 7 8] m^T, MOC VD&ICfcO. i&ffi£3 0 

0 *C b&rtt 6, N, SfcttH, S2 0'J7hV 
*h NH, ^ 1 0 U 7 b)V/jfr, TMGf 1. 5 3X1 
0" ^EJU/ft-. TMI£0. 0 2X10-W^ 
DEZ£4. 0X10''W^. t^y^^SS. 0 
X 1 O-'^/frT, 2 0 5MJM&bT. KJ?*Il Mm© 

1 n,., 1 Ga,. l! NA^^Zn(!:S i Srj^JnbTil n 
G aN 5 4£^J&bfc. 

[0 0 7 9] ^CD&. X^^>y{C s fc0^l1Stt)l5 2 
Srl^S-TSi. *l«tt«5 2©±fc»riEStlfcI nG 
a N 5 4 7^ll#tC|&££ttT«fe?gft©MftSu 
©figt&)14 0 B^fiStt^ttfc (0 7 (d) #U) . 

[0 0 8 0] 07 (d) lC^-r«fc^(C, K**©±±fl5K: 
7./1-y^ffit3ckf3. HJP0. 1 u.m(D^^> (T i ) ft 

fc= f LT. 07 (e) IC^-TJ;5(C. MOCVDffil; 
iO. l«S3 0 01CK:««H/ft*J5, N, SfcfiH, 
5:2 0Uy hJP/Sh NH, S 1 0 U 7 Mk/#. TM 
G£0. 7 5X10- ,; £;i//^, TMIS0. 6X10 
'^E^/fr. DEZ£4. 0X10-'W». t/y 
7>£5. 0X10' ' ^V/ftX. 2 0#&*SbT. 
IHJWjl //m© I n,., J Ga,. SI N^6^SZ ntS i 
^j&JjDbfcI nGaN5 8£)f>:j&bfc. X.y7>>f\Z£. 
D8 2HMSJB5 6£|ifcS-r*£. Iff 2 W&NI 5 6 CO±lC 
Jgfi£$nfc I n G a N 5 8 ftm$\Zft&ZtVX»&3£)t 

coffin, 0ii:fi,©e 1 ^e4 0G^fig$nfe. 

[0 0 8 1] TMG^O. 15X10-'W 

tmi^i. o x i o-'^fv/^xm^m^^ii 

LT^iT'DtZTlSI^l Aim© I n 0 . , 7 G a.. ,, 
N75^fi£^Z n tS i S:mJnbfefe^e^fi£-r-5Cl 
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BtfLZtltz. 

[0082] tt&mmmzji-DTA i &mmi u 

[0 0 8 3] §M^I4 0«_btC, W&EL 

OilfTFTC^ftlta^nSGaNS 2 £7E*fi£ 

*6i^t«3 8£ff*/£U TFT6P^-$r^Lfco 
[0 0 8 4] SK;i*l<=,<Z)±IC. ttSI2 4 tLTtfe 10 

[0 0 8 5] CCD^IC. tt8fMB«ttS«UT«3t#ttS 

2 h;UWfcf-^jlSg«. ftlfn4 6 0 nrm 5 3 On 
m, 6 6 0 nmT. ^CDHUfeTfe-SWe,. #fe 

[0 0 8 6] 

<wa3t««Tawr, tt*Hfco/hsi»nsotiwi! 
nfc*^6»act«ti?**. 30 

[0 0 8 7] »Blh5>^X^** : frtKrt]ifr 

vmmzmm-rrax. £*«EL*T©««««i£iEai 
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[0 0 8 8] HC6Se»IB©»»tL/T. t^ELf^ 
£ftfiXtMie»6n«2:£:<blC. WtSJioT <*i£ < lc 

[01] *fSH0%tt&lM£ffiS*«EL*?C!>tt 
fiJt£^-T0T&5. 

[02] gmMt&KD&mELm^izm^zrLz&tt 

[0 3] B2©#*m««IIbfc»^©X*;MF--*l 
[0 4] ttUftWlRWaflDWWEL*^© 
[0 5] *fSWO*S6»JB2»C«**«ELStf : FO#| 

[0 8] f *©f ISE L$f?)M$^t0T^S. 

[09] m&nftmE-Lmttm^znz&ttmnm 

[010] 09 <Z>$ttft$8tlR Lfc«-&CDX^;U^- 

?pfe^^-r0T'fe^„ 

2 o mmmis.. 2 2 &«. 2 4 *rtan. 2 6 m 
ws&tm, 2 8 fftKOLtfc&Ji. 3 0 mm, 3 2 
mm (TFTmmmmmmm) . 34 beim. 3 6 

^-h«ffi (->3 7h*-y-MI) . 3 8, 5 0 
&&Jf. 40, 40B, 40 G, 40R fe^&B, 5 
2 ffl'Wtl, 5 4, 5 8 InGaNI, 5 6 I 
2W&JI.. 



[0 6] 
[0 7] 



01] 



[0 2] 



O 
111 



_ **«P4 J 













(rrcx au. nu pO 



. M<nS*ttft*tff)22 




GaN, AIQ3, TPTE, Au ©x^^^-$fi 
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[133] 



[04] 



GaN 



VieaamUvt^ 




HOMO ^ 



' 



GaN, Alqj, TPTE, Au OJi^iMr-jfeft; 




0.0 0.5 1.0 1.5 2.0 2. 5 3.0 
voltage (V) 



LiF/AI0tl&«2) 



[89] 



Vaann Lerel 



TFT«»ja*U8l&tt: 32 

(GaN) 

mmm <a»:34 



[05] 



W«@:24 




1 



Y Y 



«M:38 



«3t 












2 ; 








i. 








• ** 























M* Alq, TPTE ITO 



Mg, Al<u, TPTE, ITO OX*^-*tt 



TFTft 



[06] 




» 
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IM7) 



[08] 



(a) 



(b) 



52 

»ai so 



-20 



InGaNR 



56 



(e) 



ESS 











* 






^^^^ 







40 B 58 



''' pups™ 



JnCsNJB 54 
(f ) 





38 




•SOB «5G 40R 



(d ) 



40B 



SJ2«tt* 56 

SO 



1 0] 



Mg , Alq, 



J, 



TFTE (TO 

0M8 



Mg, Alt*,, TPTE, 1TO ©jc* 



7D> h^— =J(DWi% 



mmwm mm 
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